The causal agent of African swine fever (ASF) is a DNA virus belonging to Asfaviridae family which affects both wild boar Sus scrofa and domestic pig Sus scrofa domestica. Special features of the course of (ASF and its forms should be considered for the effective use of various ASF diagnostic methods aimed at the pathogen or specific antibody identification. ASF diagnosis in the wild boar is of special importance. The wild boar susceptibility to ASF virus is well known, and the disease has been repeatedly reproduced in experiments and detected in European wild boars in natural conditions. It is not unfrequently that when shooting wild boars, only organ samples are delivered to laboratories, so we decided to estimate the diagnostic value of the antibodies detected in tissues and evaluate an earlier developed test system for its efficacy when used for the assay. This report represents the results of validation of an indirect ELISA (a commercial kit «VNIIVViM ASF-ELISA Ab/Ag») ASF virus specific antibody detection in blood serum and spleen tissue extracts. For comparison, an indirect immunofluorescence assay (indirect IFA) was used. To estimate the obtained results, ROC analysis was applied. Examination of positive (n = 66) and negative (n = 410) porcine blood serum samples using indirect ELISA showed high sensitivity and specificity of the method with reference to IFA. Among the 476 serum samples examined in indirect ELISA, only 8 sera (1.6 %) were within the positive/negative cutoff area. The highest sensitivity (100 %) and specificity (99.27 %) for indirect ELISA when examining both domestic pig and wild boar blood sera were determined at a cutoff value of 0.264. The samples of spleen extracts to be used for the study were collected from clinically healthy wild boars in ASF-affected Smolensk region in 2013 to 2014. In view of an acute form of the disease, we can suspect that the animals exhibiting positive reaction were in a latency period of the pathogeny. When examining the positive (n = 59) and negative (n = 678) spleen extracts, we also determined high sensitivity and specificity levels of indirect ELISA with reference to indirect IFA. Among the samples examined (n = 737), 10 (1.3 %) samples of spleen extracts were within the positive/negative cutoff area. The highest sensitivity (100 %) and specificity (98.82 %) were observed at a cutoff value of 0.284. Thus, we confirmed the assay to be effective for porcine blood sera with 100 % sensitivity (94.6 to 100 %) and 99.27 % specificity (97.90 to 99.80 %) and for spleen extracts with 100 % sensitivity (93.90 to 100 %) and 98.82 % specificity (97.70 to 99.50 %).
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Keywords: African swine fever, specific antibody, indirect ELISA, ROC analysis African swine fever (ASF) is a highly contagious disease with 100 % mortality when acute course, leading to significant economic losses [1] . ASF is characterized by fever, hemorrhagic diathesis and necro-degenerative changes in parenchymal organs [2] [3] [4] [5] . The causative agent of ASF is a DNA-containing virus of Asfarviridae family [6] . There are hyperacute, acute, subacute, chronic, and latent ASF [7] [8] [9] . Special features of the ASF course and its forms should be considered for the effective use of various ASF diagnostic methods [10] aimed at the identification of the pathogen or specific antibodies. If hyperacute and acute forms, detection of virus-specific antibodies is possible only in spleen samples, as specific antibody producing cells and, respectively, the very antibodies appear there on day 2 to 3 post-infection, whereas the animals die on days 3-7 [11, 12] .
In subacute and chronic disease, virus-specific antibodies are found in blood on days 7-10 [13] [14] [15] [16] , so earlier a detection of the viral antigen or genome in blood is advisable [17] , since viremia is typical of this ASF period [17] [18] [19] .
ASF diagnosis in the wild boar is of special importance as their susceptibility to ASF virus (ASFV) is well known. The disease has been repeatedly reproduced in experiments and detected in European wild boars under natural conditions [20] .
In the Russian Federation, ASFV has been circulating in the populations of domestic pigs (Sus scrofa domestica) and wild boars (Sus scrofa) since November 2007 until present. High virulence of ASFV, circulating in the Russian Federation [21] , and the acute ASF proven indicates basic importance of direct virus detection by PCR and direct immunofluorescence test (DIFT) in the scheme of the laboratory diagnosis [15) . At the same time, long-time persistence of ASFV in wild boar populations in the territory of Russia suggests the possibility of endemic infection, so serological survey could be carried out more widely, especially in the disease-affected areas of the Russian Federation. When shooting wild boars, only organ samples are often delivered to laboratories, so we decided to estimate the diagnostic value of the antibodies detected in tissues and to validate for this a VNIIVViM ASF-ELISA Ab/Ag kit. Earlier, we used random samples of spleen extracts from dead ASFV-infected domestic pigs and wild boars when studying diagnostic value of specific tissue antibodies [16] . Indirect immunofluorescence test (IIFT) detects tissue anti-ASFV antibodies in spleen extracts of 49 % domestic pigs and 33 % wild boars (PCR-and DIFT-positive) died of acute ASF. IIFT is considered a reference test for the detection of anti-ASFV antibodies [22] , but, along with high sensitivity and specificity, it has a low performance and some technological inconveniences. These necessitate the development, validation and practical use of ELISA methods which make it possible to detect specific antibodies not only in blood, but also in tissue extracts of infected animals.
In recent years, the ROC (receiver operating characteristic) analysis [23] [24] [25] is often used in medicine and veterinary science, which allows, in the presence of positive and negative reference samples, to determine cut-off points, both numerically and graphically, and validate protocols by true positive rate/false positive rate of the objects classified as possessing a trait. When processing data using ROC curves, it is necessary to determine the cut-off level. Without this value it is impossible to perform calculations and interpret the positive and negative results [26, 27] .
We have performed validation of a VNIIVViM ASF-ELISA Ab/Ag kit (AllRussian Research Institute of Veterinary Virology and Microbiology, VNIIVViM) for the detection of ASFV specific antibodies both in the blood serum and the tissue using ELISA test and ROC-analysis.
The purpose of the study was to estimate the operational characteristics of the developed commercial kit for indirect immunoassay (ELISA), VNIIVViM ASF-ELISA Ab/Ag, versus indirect immunofluorescence assay (IIFT) when detecting specific anti-ASFV antibodies in blood and tissue extracts of infected animals and to find an optimum cutoff point providing high reliability of the test.
Technique. Reference positive samples were collected randomly and independently from domestic pigs and wild boars in the experiment or in ASF outbreaks. The reference positive samples included 43 blood sera from 10 pigs experimentally infected with avirulent ASFV strain PSA-1-NH (10  4.5 ТСD 50 /ml) collected during infection development, and 23 sera from slaughtered domestic pigs and wild boars shot at ASF outbreaks. For tissue extracts, 59 spleen samples were collected from clinically healthy wild boars shot in 2013-2014 in ASF-affected Smolensk region (the presence of specific antibodies was confirmed in IIFT). Absence of anti-ASFV antibodies in all reference negative samples was confirmed by IIFT (the reference test recommended by the World Organization for Animal Health, OIE, France), PCR and DIFT to be sure of no viral infection. The reference negative samples included 410 blood sera of domestic pigs and shot wild boars from historically ASF-free Russian farms and territories, and 678 PCR-, DIFT-and IIFT-negative spleen extracts from shot wild boars (ASFaffected Smolensk region, 2013-2014).
Blood sera were centrifuged at 2000 rpm. The samples for ELISA were diluted (1:50) with Tris-HCl buffer containing casein (0.01 M Tris-HCl, 0.154 M NaCl, 0.5 % casein, pH 7.8), as recommended in the VNIIVViM ASF-ELISA Ab/Ag kit instructions.
For tissue extracts, the spleen samples (1 g) were homogenized in a sterile 0.85 % NaCl (5 сm 3 ). The resulting 20 % homogenates (weight/volume) were frozen twice at 18±2 С, thawn at room temperature, and subjected to centrifugation (3000 rpm, 10-15 min). The supernatant (extract) was used in indirect IIFT and indirect ELISA (without additional dilution) to detect tissue-specific anti-ASFV antibodies IIFT was performed with a commercial Kit for differential immunofluorescence diagnostics of African swine fever, classical swine fever, Aujeszky's disease (VNIIVViM). For test, we used African green monkey kidney cell culture CV-1 (Collection of VNIIVViM cell cultures) infected with avirulent nonhemesorbing ASFV strain 691/88 (State VNIIVViM Collection of Microorganisms). a fluorescence microscope Eclipse E200 (Nikon Corp., Japan) was used for luminescent microscopy with documentation.
A commercial VNIIVViM ASF-ELISA Ab/Ag kit for ELISA diagnostics was used in accordance to the recommended protocol. The results interpretation was based on a standard deviation principle (2.5-fold difference). For the MedCalc program, S/P, the ratio of optical density in the test sample to the positive control, was calculated using OD at  = 405 nm (spectrophotometer Sunrise, Teсan Austria GmbH, Austria) as follows: S = ОD mean test sample  ОD mean negative control , P ОD mean positive control  ОD mean negative control ROC curves for assessment of the cutoff point and statistical analysis were constructed by S/P values. The S/P positive and negative samples in IIFT served as Diagnosis 1 and Diagnosis 0, respectively. The data were entered in the MedCalc program according to the procedure for the current version (available at http://www.medcalc.org).
Results. Relative sensitivity and relative specificity of indirect ELISA (VNIIVViM ASF-ELISA Ab/Ag kit) were determined vs. IIFT ("gold standard" test). When analyzing blood sera (Table 1 ) from experimentally infected domestic pigs (n = 43) and healthy animals (historically ASF-free farms, n = 100), the relative sensitivity was 100 % (43 samples out of 143 were positive both in ELISA and IIFT, and 2 samples were positive in ELISA only), relative specificity was 98 % at 95 % confidence interval.
When checking the value of positive/negative cutoff for indirect ELISA based on the results of testing 66 positive and 410 negative serum samples from do- mestic pigs and wild boars, a diagram was plotted (Fig. 1) for the frequency of distribution of the values obtained. A total of 5 reference positive and 19 reference negative samples were co-located in the S/P interval from 0.2 to 0.4, that is the optical densities of the samples within this range could be classified both as false negative and false positive. Sensitivity and specificity of indirect ELISA blood test were calculated for different cutoff values (Table 2). In the samples from domestic pigs and wild boars, the highest diagnostic sensitivity (100 %) at 95 % confidence interval (CI of 94.6 to 100 %) along with the highest specificity of 99.27 % (95 % CI: 97.9-99.8 %) was observed at the cutoff value of 0.264. A total of 66 blood serum samples from ASFV-infected (positive group, Diagnosis = 1) and 410 samples from non-infected pigs and wild boars (negative group, Diagnosis = 0) have been tested; 476 samples in total). Sen -sensitivity, Sp -specificity, CI -confidence interval, +LR and LR mean the likelihood ratio: +LR = Sen/(100  Sp), LR = (100  Sen)/Sp. The table shows part of ROC analysis criteria and coordinates calculated in the MedCalc program for the most relevant cutoff values in the range of optimal sensitivity and specificity.
ELISA and IIFT detection of anti-ASFV antibodies in blood of experimentally infected pigs and healthy animals

Criteria and ROC curve coordinates for indirect ELISA tests of serum anti-ASFV antibodies depending on the cutoff value
Area under the ROC curve (AUC): area under the ROC curve -1.000; standard error -0.000269; 95 % confidence interval -from 0.992 tо 1.000; Z-statistics -1857.961; significance level P (area = 0.5) < 0.0001.
Youden index: index J -0.9927; associative criterion > 0.264.
When testing 59 reference positive and 678 reference negative spleen tissue extracts (Fig. 2) , the S/P overlap frequencies of false positive (51 samples) and false-negative (3 samples) results were in the same range (0.2-0.4) as for the serum antibodies. The optimal parameters were at a cutoff value of 0.284: method sensitivity was 100 % (95 % CI: 93.9-100 %), specificity was 98.82 % (95 % CI: 97.7-99.5 %) (Table 3) .
Currently, ELISA is approved by OIE for primary screening anti-ASFV antibodies [26] , but in general all of the known tests allow detecting specific antibodies in blood only [10, 12, 14] . The validation of ELISA kit by ROC analysis showed the possibility to use this kit for the detection of specific anti-ASFV antibodies in blood and tissue extracts in infected domestic pigs and wild boars. Examination of positive (n = 66) and negative (n = 410) pig blood samples confirmed high sensitivity and specificity of the method compared to IIFT. Only 8 (1.6 %) of the 476 samples were within the positive/negative cutoff area (see Fig. 1 ). When testing positive (n = 59) and negative (n = 678) spleen extracts from clinically healthy wild boars shot in ASF-affected areas, sensitivity and specificity of indirect ELISA also was high compared to IIFT. Only 10 samples (1.3 %) were within the positive/ne-gative cutoff area (see Fig. 2 ). Considering the acute disease character, we can assume a state corresponding to the incubation period of infection in the animals with positive reactions. A total of 59 spleen samples from ASFV-infected (positive group, Diagnosis = 1) and 678 samples from non-infected pigs and wild boars (negative group, Diagnosis = 0) have been tested; 737 samples in total. Sen -sensitivity, Sp -specificity, CI -confidence interval, +LR and LR mean the likelihood ratio: +LR = Sen/(100  Sp), LR = (100  Sen)/Sp. The table shows part of ROC analysis criteria and coordinates calculated in the MedCalc program for the most relevant cutoff values in the range of optimal sensitivity and specificity.
Area under the ROC curve (AUC): area under the ROC curve -1.000; standard error -0.000243; 95 % confidence interval -from 0.994 tо 1.000; Z-statistics -2055.362; significance level P (area = 0.5) < 0.0001.
Youden index: index J -0.9882; associative criterion > 0.284.
The results of indirect ELISA ROC analysis obtained in the study of blood and tissue samples allow choosing cutoff points in a wide range with the possibility of optimizing method performance. In both cases, alternative options are possible depending on the planned purposes, such as diagnosis, monitoring, or confirmation of the absence of ASF infection in the population of domestic pigs (farm) or wild boars (hunting facilities). Thus, if it is necessary to prevent the introduction of infection, high sensitivity is more important and specificity is of less significance (e.g. in diagnosis or screening in an affected area). In this case, the set cutoff level is 0.264 (blood) or 0.284 (tissue). If a false positive result is inadmissible, that is, specificity is important (e.g. when screening animals for ASF in an ASF-free area), the cutoff threshold can be increased to 0.380 with a minimal effect on sensitivity.
Thus, the validation indicates that the VNIIVViM ASF-ELISA Ab/Ag kit allows reliable detection of anti-ASFV antibodies both in the blood serum and spleen tissue extracts at S/P cutoff values of 0.264 (blood) or 0.284 (tissue), re- spectively. This is especially important for monitoring wild boars after shooting, when only organs are often delivered to the laboratory. The commercial set developed and validated by us is expedient for using to evaluate the presence of anti-ASFV antibodies and the ASF status of an animal and the population as a whole.
